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ABSTRACT 

This research attempted to define the advantages ofusing a two-seat trainer 

aircraftfor conducting initial Vertical/Short Take-Offand Landing(V/STOL)pilot 

training. Several driving factors support this concept. First,the design of aircraft and 

flight controls for the V/STOLenvironment is unique Second,the tasks performed by 

V/STOL aircraft are similarly unique,and differ considerably from conventional aircraft. 

Third,the characteristics ofthe slow speed flight regime require a level of visual and 

motion fidelity not currently available in flight simulators. Finally, when the aircraft is 

operating in the V/STOLenvironment very little time is available for corrective action 

and/or ejecting from the aircraft ifa dangerous situation develops. This makes close 

instructor supervision,available only in a two seat aircraft,even more important. 

Comparisons between simulator and actual flight were analyzed,along with capabilities 

and limitations ofa variety of modern flight simulators. A review of V/STOL history. 

aircraft design,unique tasks,and currentflight training methodology was conducted to 

show that V/STOLflight presents unique challenges and dangers that demand safe and 

effective training methods. Advances m V/STOLtechnology were examined for their 

effect ofreducing the difficulties associated with V/STOLflight. 

It was concluded that despite all efforts to makefuture V/STOL aircraft safer and 

easier to fly,initial exposure to the slow speed and hovering flight environment would 

remain high nsk. This requires near immediate instructor input and the option for 

possible intervention achievable only in a two seat aircraft. 
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INTRODUCTION 

Several aircraft in the past40 years have been developed to operatefrom places 

other than standard runways. These aircraft are classified as Vertical Take-Offand 

Landing(VTOL),ShortTake-Offand Landing(STOL),Vertical/Short Take-Offand 

Landing(V/STOL),Short Take-Offand Vertical Landing(STOVL). The classification 

IS dependent on the aircraft’s capability This report will refer to all ofthese types of 

aircraft as V/STOLfor simplification 

Historically, military flight training has relied on three primary tools to tram 

student pilots. These are classroom study,flight simulators,and actual aircraft fights. 

Vertical/Short Take-Offand Vertical Landing(V/STOL)aircraft are no exception to this 

philosophy,Detemiining the training requirements for any aircraft is largely based on 

how easy that aircraft is to operate. Although advances in aircraft technology continue to 

produce more sophisticated and capable aircraft, it remains to be seen iffuture V/STOL 

aircraft will be made easier to operate than those in service today. 

Mostcurrent military aircraft have two seat variants that allow an instructor pilot 

to be onboard to demonstrate,evaluate,and supervise a student during task performance. 

These two seat variants typically have flight controls in both cockpits that allow either the 

student or instructor to safely operate the aircraft. This provides the instructor with the 

additional flexibility of being able to intervene and take control ofthe aircraft if required. 

The use oftwo seat trainers has been particularly importantfor V/STOL aircraft. These 

aircraft have historically been considered difficult to fly for several reasons. One is their 

unique capability to operate in the slow speed and hovering flight regime. A second is 

1 





 

that they usually employ flight controls that are notfound in conventional aircraft,such 

as those required to change the thrust vector. Given the exposure to a new flight 

environment and the hazards associated with it,two seat trainers have been considered 

necessary for initial pilot training. These aircraft permit close instructor supervision and 

immediate intervention should a hazardous situation develop 

Flight simulators have also played an important partin pilot training. Recent 

advances in simulator capabilities have led to a greater reliance on these devices for all 

aspects ofpilot training. Simulators offer a safe environment to tram for difficult 

maneuvers,as well provide cost savings over operating actual aircraft. Despite advances 

m simulator technology,some segments of V/STOLflight training requires a degree of 

visual and motion realism that is not achievable with current military flight simulators 

Pilot training is largely based on a building block approach.This begins with 

simple maneuvers in simple aircraft and progresses to more advanced maneuvers m more 

advanced aircraft. In mostcases a pilot is first exposed to a task m some type offlight 

simulator and then performs the task in an aircraft. V/STOLflight training is no 

exception. As currently implemented in the United States Marine Corps(USMC)AV-8B 

community,a student undergoes a syllabus that combines academics,simulator,two-seat 

and single seat aircraft training. Throughout the syllabus the student is instructed how to 

. perform a maneuver,practices the maneuver,arid then is evaluated on how well he 

performs the maneuver. Two seat variants ofthe aircraft or TAV-8Bs are an integral part 

ofthis syllabus. 
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In some phases offlight,V/STOL aircraft typically utilize flight controls and 

techniques that can differ significantly from conventional aircraft. In these phases, 

previous experience in conventional aircraft may be oflittle value to the pilot beginning 

V/STOLflight training. Because ofthe capabilities inherentin a V/STOL airplane,the 

pilot has a variety ofoptions available for takeoffand landing types that are not available 

in conventional aircraft. He has the capability to perform rolling or purely vertical 

landings as well as short or purely vertical takeoffs. These maneuvers may require skills 

not developed in previous aircraft the pilot hasflown. They may also require the pilot to 

interpret external stimuli,either motion or visual,that he has never experienced before. 

Even the mostcapable high fidelity motion based flight simulators can not exactly 

duplicate actual flight conditions in the V/STOLregimefor more than afew seconds. 

A final characteristic of V/STOLflight,thatis unique,is the increased hazard of 
operating ajet aircraftin the V/STOLenvironment. Dueto close proximity to the ground 
and low speeds,there is little timefor the pilot to save the aircraft or himselfin the event 
ofa problem. These unique aspects ofV/STOLflight make it imperative to provide a 
student with the close mstmctor supervision and realistic flight conditions available only 
in a two-seat trainer aircraft. 
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CHAPTERI 

HISTORICALPRECEDENTS 

General 

In the last40 years,many aircraft with vertical take-offand/or landing capability 

have been developed,but only two haveseen successful operational employment. These 

two aircraft are the AV-8Hamer,developed in the United Kingdom and the YAK-38 

Forger,developed m theformer SovietUmon TheHamer is the only one ofthese two 

aircraft still in operational service today Early testing ofprototypes for each ofthese 

aircraft exposed notonly the problems ofdesigmng an aircraft to operate m the 

(V/STOL)environment,but also identified hazards unique to that environment as well. 

The difficulty ofoperating these unique aircraft was recognized early,because 

developmentoftwo seat vanants was considered m parallel to the single seat vanants m 

both programs 

YAK-38/YAK-141 

Theformer Soviet Union has developed several V/STOL type aircraft over the 

lastfew decades. The Yak-38 Forger was developed in the early 1970s It utilized a lift 

plus hft/cruise engine configuration The Forger was the only V/STOL aircraft 

developed by the former Soviet Union thatsaw operational service Developmentofa 

two-seat trainer began almost immediately after the first prototype aircraft flew its 

maiden flight in 1971. Designated the Yak-38U,the two seat aircraft was deemed 
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essential due to the unique operating and handling charactenstics ofthe aircraft. The first 
1 ( 

two-seat Yak-38 flew its maiden flight in 1973. Modifications to the basic airframe to 

include the second crew station increased the overall length byseven feet and theempty 

gross weightby2000 pounds. In order to maintam somesemblance ofV/STOL 

capability,the radar and wing hardpoints wereremoved to offsetthe additional aircraft 

weight. In all,38 Yak-38Us were builtin a total aircraft production of231 airplanes*. 

Despite the fact that a two-seat variant was developed and utilized,it has been reported 

that73%ofall YAK-38 accidents occurred in the V/STOLregime.^ 

Thefollow-on aircraft to the YAK-38 wasto be the YAK-141. Onlytwo 

prototypes ofthe YAK-141 were built before the program was canceled Although the 

program was canceled before prototype testing wascomplete,developmentofatwo-seat 

variant had already begun. The YAK-141 employed a lift plus cruise propulsion system 

configuration and a Digital Flight Control System(DFCS) The YAK-141 began 

Vertical Take-Offand Landing(VTOL)flight testing in December 1989 and continued 

through October 1991 when oneofthe prototypes was badly damaged during a vertical 

landing Onecausal factor ofthis crash was the pilot’s lack ofexpenence with the 

aircraft. Despite the lessons learned from the YAK-38 program and the advances
m 

design,a two-seat vanant was still considered essential to the YAK-141 program 

Harrier 

TheHamer is the only V/STOL aircraft still in operational service today The 

first version ofan airplane that would eventually become the Hamer was developed m 

the United Kingdom in 1960^ This aircraft,the PI127,utilized a single engine direct lift 
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system with a very rudimentary type ofV/STOL flrght control system. The first single 

seat aircraft entered service with the United Kingdom’s Royal AirForce in 1969 and was 

followed 16 months later by the first two-seat vanant. The two-seat variant was 

developed in parallel with the single seat version The goal was to develop atwo seat 

aircraft that closely matched the flying qualities ofthe single seat variant,so that it could 

be used as both aconversion and operational trainer 

Thesmgle seat AV-8A Hairier entered service m the United States in 1971. Due 

to budgetary problems,however,the two-seat vanant did not enter service until 1976. 

Several ofthe Amencan military pilots that were selected to fly theHamer were sent to 

the Umted Kingdom for training. Pnor to the amvalofatwo-seat vanantofthe airplane 

m the United States, pilots training to fly theHamer were given several hours of 

instruction in a helicopter. This was done to introducethem to the slow speed and hover 

flight environment Ofthe 110 AV-8Asthat were purchased by the Umted States,55 

aircraft were lost m accidents m a penod ofeleven years'*. ̂ The AV-8A expenenced
an 

accident rate of39 per 100,000 flight hours between 1971 and 1982. This was reduced to 

195 per 100,000 flight hours from 1983-1987 due to imtiatives that focused
on 

improvements to pilot selection and training The AV-8B brought significant 

improvements to the aircraft in the areas offlying qualities, performance and combat 

capability. Despite these improvements the aircraft still had a cumulative accident rate of 

14 per 100,000 hours m its first seven years and continues to exceed the accident rate of 

other aircraft with similar missions by asigmficant amount. Figure 1-1 shows a 

companson ofaccident causal factors for the AV-8B. More than 25 percent ofthe 
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FIGURE 1-1 HARRIER ACCIDENT CAUSAL FACTORS

Source: Harrier Action Review Panel (HARP) First Annual Report 1998

accidents are attributable to pilot error which illustrates the difficulty of operating the

aircraft and the hazards of the V/STOL environment.

Reducing Mishaps
Since their introduction, both the AV-8A and the AV-8B have had accident rates

higher than most all other aircraft in the US military. In the past 20 years several studies

have been conducted to help to understand and reduce the accident rate experienced by

the Harrier. In all of these studies, flight training was a central issue. In 1991, an

independent review of the Harrier program suggested two courses of action. The first
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was that the aircraft be phased out. Thesecond was that,ifconsidered indispensable, 

significant changes to pilot selection and training management were required. It was the 

second option that was selected by the USMCand changes were implemented. Since that 

time,the emphasis on pilot traming has been on operating the aircraft in the V/STOL 

environment. This includes the requirementto complete a high numberofV/STOLtype 

landmgs before completmg the traming syllabus. Along with these changesto the 

traimng syllabus,apolicy wasimplemented that mandated a minimum score from initial 

jet traimng for selection to the Hamertraining program 

TABLE 1-1 SELECTED AIRCRAFTMISHAPRATES* 

USMC USMC USMC USAF USAF 
AV-8B F/A-18 AH-1 F-16 A-10 

1991 1098 338 11.21 4.55 0.88 

1992 1250 232 3.40 404 1.79 

1993 7.35 2.07 10.82 415 1 74 

1994 798 096 0.00 4.00 3 35 

1995 999 273 2.80 2.33 1 69 

1996 10.16 4.12 2.56 214 1.63 

1997 10.47 2.95 5.97 305 2.40 

1998 1241 323 000 389 081 

*Per 100,000 flight hours 

Asshown m Table 1-1,the year after these policies were put m place(1993),a 

reduction in the Hamer mishap rate from 125%to 7 35%occurred. Theincreased 

awareness over the importance ofV/STOL flight traimng in the Hamer was certainly a 

factor in the reduction m mishaps It is not easy to ascertain whether it is the aircraft or 

the environment that is the more difficult Advances in technology should ensure that the 
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next V/STOL aircraft developed for the military will have improvements in flying 

qualities,capabilities,and ease ofoperation over the Hamer. However,these advances 

may not guarantee thatteaching a pilot how to operate in the V/STOLenvironmentcan 

be accomplished withoutthe benefit ofatwo seat aircraft. Regardless ofadvances in 

aircraft design,the hazards ofthe V/STOL environment will always be present. 

F-22B Development 

TheF-22is asmgle seat,twin engine supersonic fighter currently m development 

for the Umted States Air Force(USAF) It utilizes a DFCS and has alimited two-

dimensional thrust vectoring capability Originally,the program intended to develop a 

two-seat variant,the F-22B,that would be combat mission capable butcould also be used 

as a trainer. Budget constraints have forced the program to find ways to reduce cost A 

recent study has determined that a combination ofhigh fidelity simulator traimng and 

remote instructor supervisionfrom a separate aircraft will be a safe and effective method 

oftraimng new F-22 pilots. The study found that conducting pilot training without a two-

seat vanant would require an increase m simulator sorties,a decrease in student flying 

sorties,and an increase m support sorties. A support sortie is defined as one where the 

instructor flies m a separate aircraft and follows the student throughout the maneuvers 

required during the sortie 

The elimination ofthe F-22B would produce a significant reduction m program 

costs. The study concluded that a substantial cost would be incurred in the research and 

developmentoftwo seat vanants In a program already being scrutinized for cost 

increases,the savings from dropping the development ofthe two-seat variant would be 
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very important. Thestudy did not provide any estimates ofadditional costs that would 

result from increased simulator and support sortie requirements for pilot training 

Although immediate savings could be realized from eliminating developmentcosts ofthe 

F-22B,it is unclear ifany savings in long term costs ofthe program would be achieved. 

Several factors supportthe position thatthe students could successfully be trained 

m theF-22withoutatwo seat aircraft. The students would becoming from either a 

different fighter aircraft or ajet trainer In either case,although the systems and handling 

qualities ofthe F-22 maybe very different from the student’s previous experience,the 

basic procedures and for takeoffand landing tasks are relatively the same. Thesame 

basic skills developed in other conventional ancraftwould apply to flying the F-22. 

Likewise,sensations felt during takeoffand landing in otherjet aircraft would be similar 

to those experienced m the F-22. 

Other AircraftExamples 

There have been afew aircraft that have been developed with no two-seat trainer 

available. The A-10 is one example ofthis and boasts alow accident rate. A more 

current example is the F-117 Stealth fighter,which has a similarly low accident rate. 

However,in the case ofthe latter only very experienced pilots from other fighter aircraft 

backgrounds were initially allowed to fly that aircraft. These are clearly two examples 

that would support the reasoning thattwo seat aircraft are not required for pilot training. 

Before this can be accepted as a solution for all future aircraft,several questions 

must be answered First,how different are those aircraft from the ones the pilot flew 

previously? Second,how unique are the tasks the pilot must perform in those aircraft? 
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Last,how hazardous is the environmentthose aircraft operate in? We must bear in mind 

that before flying either the A-10 orF-117the pilot has been trained in a dedicated two 

seatjet tramer aircraft. They have been taughtfundamental skills required to takeoff, 

land and safely operate an aircraft under close instructor supervision. Once they have 

successfully completed their initial pilot training,these pilots can moveinto a new 

aircraft that performs takeoffand landings m thesame basic manner but perhaps at 

different airspeeds Fundamental operations ofthe flight controls remains very similar to 

the aircraft they were previously trained m,and the challenge becomes mastenng the new 

aircraft and its systems. Ifa new aircraft operates using the same basic procedures and 

skills developed m previous aircraft,it is reasonable to assume that effective traimng 

coiild be accomplished without the use ofatwo seat aircraft. 
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CHAPTERII 

UNIQUE ASPECTSOFV/STOLFLIGHT 

General 

There are several aspects ofV/STOLflight that set it apart from conventional 

flight. These differences can beseen not only in the design ofthe aircraft but in the way 

in which it operates. The ability to land and takeoffat very slow airspeeds,including 

zero,allow the aircraft to operate from a vanety oflocations thata conventional aircraft 

cannot. This capability exposes the aircraft to the hazards ofoperating in close proximity 

to the ground. Theumque aspects ofV/STOL flight make the use ofa two-seat trainer 

imperative 

Flight Controls 

Oneofthe mostnotable differences between V/STOLand Conventional Take-Off 

and Landing(CTOL)aircraft is m the area offlight controls Due to the speeds at which 

they fly,CTOL aircraft rely largely on aerodynamic surfaces to generate lift and for 

maneuvenng the aircraft Asa V/STOL aircraft decelerates,aerodynamic lift decreases 

and propulsive lift increases. Atsomespeed,the propulsion system provides all the lift 

required to keep the aircraft airborne. To maneuver,V/STOL aircraft must utilize other 

systems once aerodynamic surfaces are no longer effective 

Oneexample ofhow this is accomplished is the Reaction Control System(RCS) 

in the AV-8B Hamer(see Figure A-1 m Appendix A) TheRCS utilizes engine bleed air 
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to vent high velocity air at the wing tips,in the nose,and in the tail ofthe aircraft. The 

pilot operates the RCS by using the conventional flight controls. For example,a left stick 

command by the pilot opens the right wing RCS duct pushing the nght wing up. With 

the aircraft banking left,the thrust from the exhaust nozzles now helps to push the aircraft 

to the left. Although the conventional cockpit controls are utilized,the aircraft response 

to control inputs is different. TheRCS provides an acceleration response to control 

inputs while the conventional aerodynamic surfaces provide a velocity or rate change 

response to control inputs. During the deceleration,the throttle changes from controlling 

longitudinal accelerations or deceleration at higher speeds,to controlling vertical velocity 

m the hover These examples clearly illustrate the change in control ftmctionality the pilot 

expenences when makmg the transition from conventional to V/STOL flight.Flight 

control functionality changes are something that a pilot must master,to safely and 

effectively operate a V/STOL aircraft. 

V/STOL aircraft also typically have controls that are used only m V/STOL flight 

One example ofthis is the Hamer nozzle lever,which controls the angle ofthe thrust 

vector. Figure 2-1 is an AV-8B throttle quadrant which shows the separate throttle and 

nozzle controllers Some V/STOL research aircraft have utilized thumbwheels on the 

throttle to control thrust vector angle This eliminates the need for the pilot to move his 

left hand between to separate control levers dunng cntical phases ofV/STOL flight. 
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In most cases, for a V/STOL aircraft, the engine becomes an integral part of the 

flight control scheme In fact, current V/STOL aircraft are being developed with what is 

referred to as an Integrated Propulsion and Flight Control (IFPC) system This describes 

not only the lift system but the cockpit controls or mceptors as well Depending on the 

type of lift system configuration, these cockpit mceptors may vary A pilot must learn 

how to effectively operate these mceptors to perform V/STOL tasks The more mceptors 

the pilot has to manipulate simultaneously, the more difficult it is to fly the aircraft. 

Research into Advanced STOVL (ASTOVL) flight controls has shown that pilot 
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workload can be greatly reduced by reducing the numberofmceptors the pilot must 

manipulate m V/STOL flight. 

Aircraft Weight 

A conventional aircraft usually hassome restrictions on maximum landing 

weight. These may prohibit the aircraft from landing or require the pilot to utilize a 

lower than normalsink rate during landing. For most fighter aircraft, this weight usually 

exceeds the fully fueled weightofthe aircraft. This means that a conventional pilot is 

only infrequently concerned with weight ofthe aircraft dunng landing A V/STOL 

aircraft’s ability to conduct a vertical landing is dependenton the relationship ofvertical 

thrust available to the weight ofthe aircraft. In the case ofan AV-8B the aircraft m most 

environmental conditions mustbe below halffuel weight before the aircraft has the 

performance to hover 

V/STOL FlightTasks 

Military V/STOL aircraft are required to operate from a variety ofshore based 

austere locations.These include roads,expeditionary airfields, and staging areas,which 

may be nothmg more than 100 ftX 100ft steel surfaces. Additionally,V/STOL aircraft 

are required to operate from ships at sea. Conventional shipboard aircraft utilize a 

tailhook that catches an arresting cable as the aircraft touches down on the deck ofthe 

ship at normal landing speeds. A V/STOL aircraft decelerates to a hover abeam the ship, 

translates across to the deck and performs a vertical landing. For takeoff,conventional 

aircraft utilize steam dnven catapults to launch the aircraft offthe ship A V/STOL 
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aircraft executes ashort takeoffunder it’s own power to launch offthe deck. Shipboard 

operations add the additional complexity to the landing task ofa moving deck. The ship 

will roll, pitch and heave depending on the conditions ofthe sea. The V/STOL pilot must 

attempt to minimize the difference between aircraft attitude and ship attitude at 

touchdown. Pripr shipboard experience with tailhook aircraft and arrested landings do 

little to prepare a pilotfor shipboard V/STOL operations. 

V/STOL aircraft often have to operate as conventional aircraft,requirmg that the 

pilot be trained in these skills as well. However,to maximize the benefits ofa V/STOL 

airplane the pilot is required to master additional sblls. Specifically these include being 

able to safely and effectively operate the aircraft in the slow speed and hovenng flight 

regime. A briefdiscussion ofkey points in the V/STOL flight regime follows. 

Conversion 

Initially the pilot mustconvert the aircraft from CTOL mode to V/STOL mode 

This transition activates the lift system and enables the transition from wingbom to 

jetbome flight. Ifproperly designed this conversion should be transition free This 

means the pilot should not be required to make any control inputs to correct for 

uncommanded aircraft motion During this conversion the aircraft mayswitch to a 

different set offlight control laws specifically used for V/STOL mode flight This may 

result in a change in control effect and feel as well as cockpit displays This is not 

uncommon m current fighter aircraft to switch control laws between the Takeoff/Landing 
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configuration and up and away configuration. This suggests a pilot may have been 

exposed to this transition before. 

Approach andLanding 

During an approach,the pilot is usually required to manage flight path.Angle of 

Attack(AoA),airspeed and Imeup.Unlike conventional aucraft, which will decelerate to 

a predetermined airspeed or an optimum AoA,V/STOL aircraft can contmue this 

deceleration to zero airspeed and hover.Atsome pointin this deceleration the 

functionality ofthe flight controls may change,forcing the pilot to modify his control 

strategy For example,in the Vectored-thrust Advanced Airborne Control(VAAC) 

aircraft research program,as the aircraft decelerated firom 100 knots to 50 knots the right 

hand mceptor,which had been controlling pitch rate durmg the approach,changed to 

controlling height m the hover. The skills required to adjust to changes in functionality 

ofthe flight controls during an approach to landing have not been developed m other 

aircraft The new V/STOL pilot mustlearn and develop these skills m order to operate 

safely and effectively m the V/STOL environment. 

Establishing the hover requires arresting theforward speed and captunng a 

desired hover attitude and height above ground. In the AV-8B,the pilot must mentally 

judge his rate ofdeceleration controlling it so that he amves at zero airspeed over his 

intended point oflanding. Misjudging this deceleration could lead to overshooting the 

desired spot and being forced to go around for a second attempt or backing up which is 

difficult due to limited rearward visibility The pilot could also undershootthe desired 
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spotforcing him to re-establish a closure rate and delaying the landing,which consumes 

more fuel. 

Once established in the hover,the pilot sets a rate ofdescent,maintains position 

in both the x and y axis overthe intended pointoflanding,and lands the aircraft. 

Touching down with no drift and in the proper touchdown attitude is essential to avoid 

structural damageto the landing gear. Atsome pointm the descentthe aircraft will be 

subject to ground effects,which will be discussed later, and expenence a noticeable 

change m handling qualities. Table 2-1 shows a comparisonofindividual task elements 

required during landing for a Harrier,conventional aircraft, and an Advanced ShortTake-

Offand Vertical Landing(ASTOVL)aircraft. TheASTOVL aircraft listed is based
on 

oneflight control configuration being studied in the VAACresearch program. The task 

elements for the conventional fighter are taken from the F/A-18 flight manual. Graphical 

depiction for the conventionallanding as well as the Hamerlanding can befound
m 

Figures A-2through A-4. 

Take-Off 

The pilot faces unique challenges dunng takeoffas well. Although a V/STOL aircraft 

may have the capability to takeoffconventionally,without the aide ofthe lift system,it 

may be desirable or necessary to execute a short takeoffor vertical takeoff 
in some 

scenanos 
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TABLE2-1 TASKCOMPARISONFORLANDING 

Harrier Conventional Fighter AV/STOL Aircraft 

1 Slow below 250 Slow below 250 Slow below speed 

2 Lower gear and flaps Lower gear and flaps Configure to V/STOL mode 

3 Arm thrust Maintain 10-12° AoA Set deceleration rate via the 
augmentation switch with stick and throttle accel/decel controller 

4 Set nozzles40-60. Adjust flight path with Control flight path with throttle 
degrees throttle inputs initially 

5 Maintain 10-12deg Maintain attitude and Asspeed decreases,control 
AoA with stick and thrust setting to attitude with nghtinceptor and 
throttle touchdo\yn height rate with left inceptor 

6 Momtor decel rate Attouchdown throttle to Momtor decel rate to arrive m 
idle hover at 100 ft over desired 

spot 

7 Atappropnate position Track down centerline Imtiate descent with left 
nozzles to hover stop using rudder pedals inceptor reduction 

8 Mamtam pitch attitude Below 100knots apply Maintain position overspot 
brakes with nght inceptor 

9 Adjustpower to Attouchdown left hand idle 
manage altitude 

10 Select ground Brakes full 
references 

11 Flare slightly to stop m Set thrust vector aft 
hover 

12 Initiate descent with 

throttle reduction 

13 Maintain position over 
spot with stick 

14 Attouchdown reduce 

throttle to idle 

15 Brakes apply 

16 Nozzles aft 
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Unlike a conventional aircraft that rolls downtherunway until reaching a speed 

where the wings produce sufficient lift for takeoff,a V/STOL aircraft may takeoffat 

much slower speeds by using the propulsion system to lift the ancraft. The V/STOL 

aircraftcan employ its lift system to execute a purely vertical takeoffjfrom zero forward 

airspeed. Oncethe takeoffis complete,the pilot mustfly the aircraft through a transition. 

this time fromjetbome flight through semi-jetbome flight to conventional flight. In the 

Harrier,the pilot imtially controls height rate with the throttle(left hand)and pitch 

attitude with the control stick(nghthand). Asthe aircraft accelerates,the throttle 

controls longitudmal acceleration and the stick controls pitch rate During this change in 

control functionality,the pilot mustuse his left hand to adjustthe nozzle lever and rotate 

the nozzles,or thrust vector,aft. Further complicating the task is the requirementto raise 

the gear and flaps during this transition. Atthis pomt,the aircraft is flying in a purely 

conventional mode. Table 2-2shows acomparison ofindividual task elements for a 

take-offfor a current V/STOL aircraft,a conventional aircraft,and an ASTOVL aircraft 

Once again it is clear that the numberoftask elements differ sigmficantly,which 

illustrates the complexity ofV/STOL operations 

Visual Cues 

Vision IS the mostimportant sensory system that provides the pilot spatial 

onentation cues dunng flight In the absence ofvision,onentation would be derived 

solely from the less accurate vestibular or somatosensory systems These systems do not 

provide reliable motion and position cues m the conventional flight environment^ 
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TABLE2-2TASKCOMPARISONFORTAKEOFF 

Harrier 

1 

2 

Determine takeoff 

parameters 

SetSTO stop 

3 

4 

5 

Advance power and 
check accel time 

Lower nozzles check 

duct pressure flap 
position 

Set nozzles to 10°' 

6 Advance throttle to full 

7 Release brakes 

8 Track centerline 

9 

10 

11 

AtSTO Speed quickly 
move nozzles to 60° 

Capture fly away pitch 
attitude 

Slowly nozzle out 

12 

13 

Raise gear and flaps 
poor to 250 

Control flight path with 
nozzle rate and throttle 

Conventional Fighter 

Determine takeoff 

parameters 

Check flight controls 

Advance powerto full 

Release brakes 

Track centerline > 

Rotate at predetermined 
speed ^ . 
Setfly away attitude -

Raise gear and flaps 

VAAC Aircraft 

Determine takeoff 

parameters 

Complete checks 

Configure to V/STOL 

SetSTO nozzle angle 

Set thrust vector aft 

Advance power 

Release brakes 

Track centerline 

Press STO button 

Maintain fly away' 
attitude 

Nozzle out 

Raise gear 
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Visual cues are particularly importantduring the approach and landing phase,especially 

dunng V/STOL operations. 

Dunng the decelerating transition the pilot is relying on both forward and 

peripheral vision to determine closure rate onthe desired hover spot. Astheintended 

pointofhover approaches,the pilot selects ground references that will place the aircraft 

over the desired landing spot. Ideally,these ground references are at a45 degree angle 

from the nose ofthe aircraft so the pilotcanjudge both forward and lateral aircraft 

' . motion from a single reference point. Once beginning the descent to landing,the pilot ' 

can see the landing area markings and make position refineniehts pnor to touchdown. 

The pilot’s field ofview in the cockpit is limited by the structure ofthe aircraft. In the 

AV-8B,the canopy is slightly bubbled out to affording the pilot better visibility ofthe 
t' ^ > 

landmg area m a vertical landing.The pilot can easily choose different ground references 

as required based on the environment. In the hover,the bestindication ofsmall drift rates 

IS based on visual feedback.Field ofview limitations,in any future V/STOL aircraft, will 

greatly impactthe techniques utilized to control position dunng vertical operations. 

Motion Cues 

Buned m many body structures,including the skin,joints,and muscles,are'' 

somatosensory sensors. These sensors.provide important equilibnum information as they 

respond to pressure and stretch The sensations they elicit are the pressing feelings that “ 

you expenence when you sit or thesensations that enable you to know the relative 

positions ofyour arms,legs,and body This system is commonly called the “seat-of-the-
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pants”sense. Early aviators believed they could determine which way wasdown by 

analyzing which portions oftheir bodies were subject to the greatest amountofpressure. 

In several phases offlight these sensations can be misleading However,m the slow 

speed and hover environmentthey are more reliable. The pilot is capable offeeling 

accelerations m all six axes(Roll,Pitch,Yaw,Longitudinal,Lateral,and Vertical) In the 

V/STOL flightregime,sensing accelerations in the vertical axis can be crucial. While the 

pilot’s scan is diverted from his altitude references,sensing slight accelerations on the 

body continues to provide information on the aircraft’s movement The motions 

associated with hovenng flight are very difficult to simulate and are only truly 

expenenced m an actual aircraft 

Winds 

A conventional airplane can be affected by winds on landing forcing the pilot to 

slightly modify his landing techmque. The effects ofwinds can usually be countered by 

aerodynamic flight controls atlanding speeds ofconventional airplanes. In slow speed or 

hovering flight the pilot can no longer rely on aerodynamic controls and mustnow utilize 

theIFPC to control aircraft direction In the Hamer,transitiomng from conventional 

flight to hovenng flight takes the aircraft from a region ofrelative stability through a 

region ofdecreased stability. The pilot must stnve to keep the nose ofthe aircraft 

pointed into the wind The effects ofcrosswmds can be mimmized through use ofa 

DFCS. V/STOL aircraft can rely on fountain effect for lift The fountain effect is the 

result ofthejet exhaust hitting the ground underneath the aircraft and bouncing back up, 

hitting the underside ofthe aircraft. This helps to lift the aircraft a small amount Strong 
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winds can blow the fountain out from underneath the aircraft and cause a loss ofoverall 

lift 

Jet Effects 

Several factors affecthow a V/STOL aircraft behaves in close proximity to the 

ground. One is the effect from thejet exhaust leaving the airplane and hitting the ground 

and bouncing back up to hit the underside ofthe aircraft. This reflected flow could 

impinge the underside ofthe aircraft at any location,depending on aircraft attitude 

These effects are illustrated in Figures A-5 and A-6 This impingementcan be a strong 

destabilizing effect in the hover,which can negatively impact the handling qualities of 

the aircraft. Dependmg on the type offlight controls utilized m the design,there may be 

insufficient control authonty available to counter an excessive build up ofacceleration in 

any given axis Anotherjet induced effect,is that the air entrained by the high-speed flow 

ofthe exhaust can cause asuck down effect, accelerating the aircraft downward 

A third effect is Hot GasIngestion(HGI) This is simply when the hot gases from 

the engine exhaust enter the engine intake This effect raises the engine operating 

temperature and can reduce engine performance This loss ofthrust can tend to 

accelerate the aircraft downward Finally,the strength ofthe exhaust hitting the ground 

may dislodge debns This debns can impinge the aircraft causing structural damage
or 

even more senous,enter the engine through the intake and cause engine failure Figure 

A-7shows reingestion developing as the aircraft slows in forward speed 
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Operating Environment 

The ability to either recover an aircraft or escape fi-om it, in the event ofan 

emergency,is based on several factors One ofthe mostimportant is height above the 

ground. Generally speaking,the higher the aircraft is above the ground the more time 

exists before it canimpactthe ground Airspeed is often consider an importantfactor as 

well,but its benefit is to provide the pilot with the ability to climb away from the ground 

In the V/STOL environment,the aircraft is at slow orzero airspeed and relatively close to 

the ground This means there is very little time for a pilot to react to an aircraft problem 

before ground impact Similarly,the time for escapefrom the aircraft is reduced. Figure 

A-8 showsthe ejection envelope for an AV-8B m a hover. Due to close proximity to the 

ground,there is a point wherethe aircraft’s attitude or sink rate may preclude the 

possibility ofa safe ejection In a two-seatframer,the expenenced instructor pilot may 

recognize a dangerous situation well before the student. The msfructor could take 

quickly intervene m this scenario and take over the flight controls 
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CHAPTERIII 

FLIGHT TRAINING METHODOLOGY 

Building Block Approach 

The majonty ofmilitary flight traimng follows a building block approach;each 

task you perform builds on one you have previously completed V/STOL flight traimng 

is no exception Classroom instruction is followed by simulator training,which is 

followed by flight training m atwo seat aircraft All ofthis occurs before astudent is 

allowed to fly on their first solo mission 

Throughoutthe course oftraimng,the student is constantly repeating a three step 

process The first step is having a task mtroduced by an instructor m atwo seat aircraft or 

simulator. The second step is for the studentto practice the technique. The final step is 

for the studentto perform the task to a satisfactory level,based on established catena 

This process attempts to ensure thatthe student has sufficiently mastered one task before 

being allowed to proceed on to the next task or phase offlight. Dunng the practice 

portion ofthis process,feedback jfiom an instructor on the student's techmque is cntical. 

This timely feedback allows the student to correctany deficiencies Withoutatwo seat 

aircraft the opportunity for an instructor to demonstrate proper technique for a specific 

task does not exist. Additionally,the ability ofan mstructor to provide real time 

feedback on studenttechmque is limited. Ifthere is no two-seat aircraft available,the 

mstructor will usually monitor the student from aremote location From this external 

observation position,the mstructor can only evaluate what the aircraft does and mustrely 
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on expenence andjudgmentto assess whatthe student pilot was doing with the controls 

In the eventofan emergency the instructor can only offer voice commandsto help the 

student 

In order to accurately ascertain the requirements for V/STOL flight training, we 

mustlook at how it comparesto conventional flighttraimng From the early stages of 

flight traimng,a student is taught the basic techniques oflanding an aircraft These 

include controlling flight path,AoA,and lineup with therunway Asthe student 

progresses he develops the skills to handle crosswmds and offnominal type landings As 

aircraft become more sophisticated,the basic techmques oflandmgremams relatively 

unchanged firom the early days ofjetflight training As an example,U S.Navy training 

teaches the student how to utilize the Optical Landmg System(OLS)as a visual reference 

to land the aircraft at a precise spot. The student is exposed to vanous mission skills and 

systems as they progress through flight traimng butthe basic ship type landing is always 

used. Because ofthis,it is reasonable to assume that a student could land a brand new 

aircraft, withoutthe aide ofan instractor, utilizing previously learned techmques In this 

situation evaluatmg and momtonng the student from a remote location may be sufficient 

to assist m refinement ofhis skills. Systems and procedures specific to the new aircraft 

could be taught in a flight simulator 

V/STOL Flight Training 

V/STOL flight training follows the same building block approach. Pnor to being 

assigned to Hamer training in the USMC,astudent has completed flight instruction m 
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turbo-prop andjet aircraft. Atthis point the student has acquired 200-300 total hours of 

flight time and has been taught basic aircraft skills Aboutone third ofhis flights have 

been solo,and he has basically learned one type oftakeoffand landing. Initial V/STOL 

flight training uses two seat aircraft as an integral partofthe training syllabus. 

Ifthere is no two-seat V/STOL trainer available,the student will be performing 

unique V/STOL tasks for the firsttime m an aircraft by himself His previous experience 

in conventional aircraft is oflittle help m this situation. Fundamentalchanges m the 

flight control laws may occur as the aircraft decelerates,which mostlikely is also anew 

expenence for the pilot. Additionally,unless the flight simulator used m V/STOL 

traimng had very realistic visual,motion,and audio capability,the student may be 

expenence sensations that are completely new as well. 

CurrentAV-8B Training Syllabus 

The first step in determining future training requirements for pilots is to analyze 

current V/STOL training methodology The current AV-8B training syllabus is presented 

in Table 3-1. Naturally,the traimng system that has been developed over the course of 

the past20 years is directly related to the level ofdifficulty offlying the AV-8B Over 

59%ofthe current training syllabus for the AV-8B is dedicated to the V/STOL 

environment Only afew categones listed above are dedicated to flight m the V/STOL 

environment. These are Familiarization,Field GamerLandmg Practice,and Forward 

Based Operations The table does not reflect that on most all the other types oflisted 

sorties, V/STOL flight techniques are practiced dunngsome portion ofthe flight 
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TABLE3-1 CURRENTHARRIERTRAININGSYLLABUSBREAKDOWN^ 

Numberofflights required 
FlightPhase Single Seat Two Seat Simulator 

AV-8B Flight TAV-8B Flight 

Familiarization(Day) 4 11 13 

Familiarization(Night) 1 2 1 

Instrument 0 2 4 

Formation(Day/Night) 2 2 N/A 

Navigation 0 2 3 

Aerial Refueling 1 N/A N/A 

Air to Ground 6 4 8 

Low Altitude Tactics 0 1 0 

Air Combat 4 0 1 

Forward Based Operations 8 2 2 

Field Carrier Landing Practice 6 0 2 

CombatCapable Check Ride 0 1 2 

Total 31 27 36 

Pnorto completing training,an AV-8B student has to complete 100 Vertical 

Landings(VL)and Rollmg Vertical Landmgs(RVL).Theemphasis on a high numberof 

V/STOLlandmgs was imtiated in 1992 after the meeting ofaHamer Safety Review 

panel. For companson students traimng for a conventional aircraft, like an F/A-18,spend 

the majonty oftraining time learning basic aircraft skills and basic combat skills An 

F/A-18 student also completes day and night Camer Qualification as partofthe traimng 

syllabus An AV-8B pilot completes only shore based practice portion ofCamer 

Qualification,and never actually lands aboard a ship. Both the F/A-18 and AV-8B 

syllabi have a similar number oftotal sorties,but the AV-8B student spends the majority 
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ofhis training learning how to operate in the V/STOL environment. His combat skills 

are left to the frontline squadron to develop. Again,some mayclaim that the amountof 

training dedicated to V/STOL flight is directly related to the difficulty offlying the 

airplane.Iftrue,it would be necessary to ensure that a future V/STOL aircraft is easier to 

fly than the AV-8B in order to begin to reduce V/STOLframing requirements from their 

current levels. Anotherreason for the amountofframmg required is the unique aspects 

ofthe V/STOL environment Regardless offuture aircraft design,these environmental 

aspects will always be present 

Conversion/Refresher Training 

Not all pilots who begin V/STOL flight frammg are imtial trainees with little 

previous experience. Two other categones ofpilots requinng frammg also exist. The 

first IS refresher pilots or those with V/STOL backgrounds who haven’tflown m over a 

year’. Refresher pilots undergo an abbreviated syllabus but use ofatwo-seatframeris 

still required. The syllabus for an AV-8B refresher pilot is shown in Table 3-2. The 

second is conversion pilots or those with backgrounds in other aircraft A pilot 

converting from another type ofaircraft may have habit patterns, which,although 

successful for operating their previous aircraft, may be hazardous when applied to a 

V/STOLjet aircraft An example ofthis would be a pilot ofa rotary wing aircraft, whose 

habit pattern to execute a vertical climb is to pull an inceptor with his left hand. In a 

V/STOLjet aircraft however the same maneuver may require pushing an inceptor with 

the left hand Currently m the AV-8B conversion pilots undergo afraimng syllabus 

almost identical to that ofa new pilot. Although they may have significant experience in 
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TABLE3-2HARRIERREFRESHERSYLLABUS8 

Number offlights required 
FlightPhase 

Single Seat TwoSeat Simulator 

AV-8B Flight TAV-8B Flight 

Familiarization 1 2 9 

Instrument 2 0 0 

Formation(Day/Night) 1 0 N/A 

Navigation 1 0 1 

Air to Ground 1 0 7 

Check Ride 0 1 1 

Total 6 3 18 

another aircraft,they lack those skills necessary to perform those umque V/STOL tasks. 

Even pilots,who have previously been qualified m the AV-8B and have notflown the 

aircraft in over 18 months,spend40%oftheir refresher syllabus with V/STOL training 

Two Seat Aircraft 

As previously stated several aircraft have been developed with two seat vanants 

that have been utilized as flight trainers. The front cockpit usually is a close match to the 

single seat version ofthe airplane,while the aft cockpit may have only the items essential 

to basic operation ofthe aircraft. This setup allows the instructor the ability to 

demonstrate maneuvers,intervene,and,ifrequired,ovemdethe student’s control inputs 

while performing a maneuver. Being co-located m thesame aircraft the instructor is 

expenencing the same noises,sights,and motion as the student This allows the instructor 

to provide immediate relevant feedback to the student before during and after maneuvers 
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The instructor also has the capability to either correcta hazardous situation or eject the 

crew ifthe aircraft cannot be recovered. 

TheTAV-8B is an example ofa two-seat,trainer designed to closely match the 

flying qualities ofthe smgle seat version for use as a student trainer. Although it has 

some limitations as far as performing combat missions the single seat version can 

perform,m the V/STOLflightregime thetwo aircraft are virtually identical The basic 

V/STOL handling qualities are the same,as well as the procedures and techmques 

required for V/STOL tasks A student can develop the necessary skills required for 

V/STOL flight in the two seat aircraft under close instructor supervision,and directly 

transfer those skills to the smgle seat aircraft The AV-8B simulator does not offer the 

same direct transfer ofskill for V/STOL tasks to the smgle seat aircraft thatthe TAV-8B 

offers. 

The current training syllabus for the AV-8B shows a heavy reliance on the two-

seat trainer in the initial stages oftraimng. Currently twelve two-seat aircraft supportthe 

traimng requirements for the Hamerprogram m the USMC. All operational V/STOL 

aircraft so far have used two seat variants as trainers. This has been based largely on the 

difficulty ofoperating these aircraft in this relatively new flightregime Therefore,even 

iffuture V/STOL aircraft are made easier and safer to fly there will still be the issue of 

training a student in a flight regimethey have not operated in previously A two seat 

V/STOL aircraft is the best solution to accomplish this training 
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CHAPTERIV 

FLIGHTSIMULATORS 

General 

Recent advances in computer technology have greatly improved the degree of 

realism available in flight simulators. These simulators provide a safe environmentin 

which to tram difficult maneuvers since their is no risk to pilot or aircraft This safe 

training environment,and relatively low operating costs,has led to a greater reliance on 

flight simulators for pilot traimng. In order to tram pilots to fly these sophisticated 

aircraft,several options are being analyzed. The currenttrend m pilot training 

requirements is towards greater reliance on high fidelity flight simulators m lieu ofactual 

aircraft training sorties Advances m computer technology have enabled more realistic 

visual displays and more representative aircraft motion simulation m the majonty of 

flight conditions. Despite these advances,there are still himtations in the degree of 

realism flight simulators can provide for certain tasks and m certain flight regimes 

These limitations include,among other things,accurately representing the V/STOL 

environment 

Piloted simulation has served a variety ofuses since its inception These include. 

a) NormalProcedures Training 

b) Emergency Procedures Traimng, 

c) Basic Flight Training, 

d) System Specific Training, 
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e) WeaponsTraining, 

f) Full Mission Rehearsal Training and, 

g) Multi-aircraft Training. 

There are several types ofsimulators utilized in pilot training. The degree ofrealism that 

the device can simulate is often referred to as fidelity. Low fidelity simulators,such as 

Part Task Trainers,are used to teach specific system operation or basic procedures.These 

simulators may consist ofnothing morethan crude cockpit mockups with some 

functioning switches and buttons. Fixed Based Simulators can provide visual displays 

and attempt to match aircraft capabilities Motion Based Simulators can provide 

accelerations to the pilot station to simulate aircraft motion. In these higher fidelity 

devices,the pilot can simulate virtually all aspects ofthe aircraft’s capability as well as a 

broad spectrum ofaircraft missions This analysis will focus on those simulators at the 

higher end ofthe fidelity spectrum,since they are the mostlikely to be used for teaching 

a student how to fly 

In order to be effective a simulator mustaccurately represent the aircraft and the 

environmentin which it operates. The more closely the simulator matches the real 

aircraft the more beneficial the teaming it provides Items such as the cockpit 

environment,control feel,and aircraft performance are some areas ofinterest The 

cockpit environment covers proper configuration and operation ofcontrols and displays, 

as well as accurate representation ofnoise,vibration,and other sensory clues The device 

must accurately represent the aircraft not only m flight, buton the ground as well 

Realistic representation ofaircraft performance includes things such as proper response 
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to flight control inputs,accurate aerodynamic behavior,and accurate engine modeling 

Figure 4-1 showsasummary ofitems that affect how a pilot performs a task in the 

aircraft. 

Ascomputer technology and graphical display capabilities have advanced,greater 

degrees ofrealism have been achieved in flight simulators. With this increase m realism. 

there have been efforts to replace more expensive aircraft flights with less expensive 

simulator events. This approach has several advantages such as lower cost,safety,and 

more combat realistic scenarios. There is a disadvantage to this approach ifthe simulator 

IS nottruly representative ofthe aircraft. In this case,the proper skills to fly the aircraft 

may notbe developed. 
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Source.Augmented AircraftHandling Qualities,Knotts,L.&Ohmit,E Sep 1994 
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Visual Systems 

There are several different types ofvisual systems utilized in flight simulators 

today. ComputerImage Generators(CIG)are used to produce graphical representations 

ofterrain,other aircraft, buildings,etc. that are projected onto sometype ofscreen 

arrangement that can be viewed by the pilot. These displays can be single panel,multi 

panel,or full size domes that encompass the crewstation. The mostcommon consists of 

three flat panel displays providing the pilot a predominantlyforward field ofview 

Different weather conditions and lighting conditions,firom bright day to dark mght,are 

usually available The visual databases will typically contain a wide array ofimages that 

can support a vanety ofmission tasks 

The degree ofrealism that can be produced m the visual scene dependson several 

factors One ofthese is the speed and capacity ofthe ComputerImage Generators. This 

affects how fast the visual scene can changefrom one frame to the next. Additionally, 

the delay in change ofthe visual scene m relation to flight control input is affected by the 

capability ofthe computers Each ofthese parameters is cntical m determinmg not only 

the level ofrealism,butthe utility ofthe simulator for certain tasks. For example,ifthere 

IS a significant delay between flight control input and change m the visual scene,the pilot 

may be induced to make exaggerated control inputs when there is no immediate response 

to initial inputs During V/STOL traimng,this could be particularly detrimental for a 

shipboard VLconducted in inclement weather conditions The magnitude and frequency 

ofcontrol inputs the pilot learns m the simulator may be dangerously excessive m the 

actual aircraft under similar conditions Ifthe simulator is the only training tool 
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available,this could expose the new pilot to risks on his first solo flight, especially in the 

V/STOLenvironment. 

Field ofView 

Anotherimportant aspectofthe visual display is field ofview. As mentioned 

previously,full dome projection simulators are in use today. Unfortunately,as the 

projection area grows larger,the resolution oftheimage suffers Mostsimulators m use 

today utilize a three-panel display that provides high resolution for a predominantly 

forward field ofview High resolution can be achieved m dome simulators butthis is 

usually achieved by limiting the higher resolution display to asmall area around the 

pilot’s focal point. This is accomplished by a device thattracks the pilots head 

movement. Outside ofthe area the pilot is looking dnectly at,a much lower resolution 

image is projected. 

One ofthe requirements for V/STOL flight is the ability to use ground references 

for positioning the aircraft during a vertical landing Somescenanos require that the pilot 

be able to position the center ofthe aircraft within afive-foot circle on the ground. In 

order to achieve this,the pilot needssome visual display below the horizon Most 

simulators have very limited capability m this area. In aircraft such as the AV-8B,the 

canopy is bowed out in such a way that the pilot has almost70 degrees ofvisibility below 

the honzon on either side ofthe cockpit This is a tremendous aid m precisely 

positioning the aircraft dunng a vertical landing Ifthe field ofview m the simulator is 

not the same as the aircraft,the pilot may not develop the proper frameofreference 

required to safely and effectively complete the task. An example offield ofview data for 
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TABLE4-1 SIMULATORFIELD OFVIEWS 

Up Down Lateral 

(Degrees) (Degrees) (Degrees) 
AV-8B FullDome 70 45 110 

Tactical Trainer 

AV-8B Operational 20 50 120 

Flight Trainer 

NASA Vertical 9 17 50 

Motion Simulator 

Lockheed Martin JSF 19 17 140 

Simulator 

a variety offlight simulators currently in use is provided in Table4-1. The numbers 

provided are referenced to the horizon for up and down,and the centered on the nose of 

the aircraft for lateral. 

Motion Systems. 

Another cntical aspect that determines the fidelity and utility ofa simulator is the 

ability to represent aircraft motion. Obviously matching the actual motion ofan aircraft 

cannotbe achieved by a ground based device confined to aroom or building. Several 

methods ofproviding the sensation ofactual aircraft motion are utilized in simulators 

today. The amountofmotion can range from small changes m the pilot’s seat,up to 

several degrees ofchange in roll, pitch,and yaw as well as limited displacement in the 

longitudinal,lateral,and vertical axes. Asthe range ofmotion increases the size, cost, 

and complexity ofthe simulator increases. By utilizing changes m acceleration and 

direction,these simulators can provide the pilot with very realistic feeling motion cues in 

several flight regimes 
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Examples ofthe motion capabilities oftwo simulators are shown in Tables4-2 

and 4-3. The NASA Vertical Motion Simulator(VMS),pictured in Figure A-9,is one of 

the mostcapable motion simulator available today It is, however,a one ofa kind device 

and is considered a national asset ofthe Umted States. The building that contains the 

VMS IS over five stones tall. Due to its umque status and capabilities,the VMS is 

always in high demand by a vanety ofusers. It would beimpossible to attemptto access 

this device frequently enough to be effective as an imtial V/STOL flight trainer. 

Likewise,the costofthe military constructing a similar device would be prohibitive The 

Lockheed Martin simulator is more representative ofthe type ofsimulator that could be 

utilized for V/STOL flight trainmg. It is approximately the same size as current military 

doomed simulators The pilot station m this device sits on a set ofhydraulic legs that 

allow movementm six degrees offreedom It’s size and cost would probably be 

reasonable for use as an imtial V/STOL flight trainer. It should be noted that current AV-

8B simulators utilize a“G-seat” as the only motion cueing to the pilot This type ofseat 
i 

inflates and deflates to provide a very rudimentary simulation ofaircraft motion. The 

current AV-8B Radar/Night Attack System Trainer(RNAWST)is shown in Figure A-10 

One ofthe limitations ofthe motion capability is the amountofdisplacement the 

device can achieve Although the device may be able to generate realistic imtial 

accelerations, it cannot sustain them for very long Atsome point before hitting it’s 

motion limits, the device will have to washout or dampen the velocity m that direction 
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TABLE4-2NASA AMESVMSMOTIONSYSTEMPERFORMANCELIMITS® 

Degree OperationalLimits 
of 

Displacement Velocity Acceleration 
freedom 

Longitudinal ±3ft ±4fl/sec 10 ft/sec^ 

Lateral ±15 ft ± 8 ft/sec T6ft/sec^ 

Vertical ±22ft ±15 ft/sec 24ft/sec^ 

Roll ± 18 deg ±40deg/sec 115 deg/sec^ 

Pitch ± 18 deg ±40deg/sec 115 deg/sec^ 

Yaw ±24deg ±46 deg/sec 115 deg/sec^ 

TABLE4-3LOCKHEED MARTINTACTICALAIRCRAFTSIMULATOR 

MOTIONSYSTEMPERFORMANCELIMITS
10 

Degree System Limits 
of 

Displacement Velocity Acceleration
freedom 

Longitudinal ±47ft ±2.3 ft/sec ±25.6 ft/sec^ 

Lateral ±40ft ±23ft/sec ±25.6 ft/sec^ 

Vertical ±5.7 ft ±2ft/sec ±32.0 ft/sec^ 

Roll ±28.0 deg ±24 deg/sec ±250 deg/sec^ 
Pitch ±33.5 deg ±24 deg/sec ±250 deg/sec^ 

Yaw ±375 deg ±24 deg/sec ±250 deg/sec^ 
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Eventually the device will come to a stop when it reaches its motion limit. This 

may notcorrespond well with whatthe pilot is doing in the simulator at the time. This 

may produce a very unrealistic motion effect. Additionally,the simulator maynothave 

representative motion limits in all axes. For example,the Lockheed Martin simulator 

listed above has only 37.5 degrees ofmotion available m yaw This meansifthe pilot is 

trying to practice a360 degrees turn while in a hoverthe motion would wash out very 

early m the maneuver. 

Thesame concerns over the accuracy ofthe visual system are true for the motion 

system as well. Delays in response to controlinputs orimproper motion can be very 

detnmental to training. They can provide false cues to the pilot which lead to improper 

control inputs In V/STOL flight,small changes in accelerations felt atthe pilot station 

can provide additional awareness to the pilot ofthe aircraft’s condition. In some cases. 

especially at mght,these acceleration changes can provide earlier cueing to the pilot than 

what he can discern. 

Accurate Modeling 

The closer the simulator mimics the real aircraft charactenstics,the more effective 

the training it can provide. This includes charactenstics such as cockpitlayout,feel of 

the flight controls,flying qualities and performance. Aircraft capabilities,denved from 

testing, are incorporated into the simulator The morecomplex the aircraft,the more 

testing is required to develop an accurate simulator Also,as the aircraft matures and 

changes,the simulator mustchange accordingly so that it may continue to be an effective 

training tool. Upgrades to the simulator may be costly and difficult to implement. 
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In order for a simulatorio accurately match the capabilities ofthe aircraft, it must 

have accurate aerodynamic and engine models; This is essential so that when a pilot 

applies some control input,the simulator responds the same way thatthe aircraft would. 

This includesitems like roll rates,engine accelerations,transonic effects,and gust 

response to name afew. Thesimulator niust also have an accuratelandmg gear modelso 
A -r I 1 

that it can siihulate aircraft performance on the ground. An accurate landing gear model 

allows the pilot to use brakes and steenng during taxi,takeoffand landing practice. For 

V/STOL flight,ground effects mustbe accurately modeled to provide realistic aircraft • 

motion close to the ground. 

Thesimulator musthave an accurate engine'model. This is essential for V/STOL 

flight because atsome pointthe thrustfrom the engine directly affects movementofthe 

aircraft m the vertical axis. Ifthe smulatofengine modelis not accurate,the pilot may 

develop techniques,involving certain amounts ofthrottle change,that work wellin the 

sirnulator but are either ineffective or dangerous in the aircraft. 

Matching the flight control hardware m the simulator is fauly simple. Identical 

units to those used m the aircraft can be incorporated in the simulator cockpit. Matching 

the mephamcal charactenstics or“feel”ofthe flight controls is more complex. Several 

factors contnbute to the problem ofmatchmg mechanical charactenstics accurately. In 

the aircraft,motion and vibration can affect the pilot’s inputto the flight controls. For 

example,when the aircraft is subject to increased normal acceleration or“g”forces the 

weightofthe control stick will increase Theforce gradientofthe control stick must be 

set to allow the pilot to continue to make desired control inputs in this condition Current 
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flight training simulators cannot accurately duplicate these high g forces This implies 

thatthe control stick force gradientin the simulator may notfeel like the aircraft when 

performing the sametype ofmaneuvers. Improper controlfeelin the simulator degrades 

the effectiveness ofthat simulator as atraming tool. 

To ensure the simulator has the desired level offidelity m the required areas 

requires considerable aircraft testing.‘ This testing and validation mustcontinue through 

the life ofthe aircraft. As changes are made to the aircraftthat affect its characteristics, 

these changes must beincorporated in the simulator to keep it effective as a training tool 

The costs to develop,operate,and maintain these types ofhigh fidelity simulators may 

not be significantly differentthan the costs of a two seat aircraft. 

Comparisons to the actual aircraft, across the entire flight envelope,mustbe 

made. Delays m response,in either the visual orthe motion system,mustbe virtually 

identica.1 to those that exist in the aircraft Figure 4-2showssome ofthe sources of 

delays and factors thatinfluence a pilot performmg atask. Ifthe simulator cannot 

accurately match all ofthe items shown,the traming effectiveness ofthe device is 

degraded. 
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Source Augmented Aircraft Handling Qualities, Knotts, L. & Ohmit, E. Sep 1994 

Degree of Realism 

One last item to consider when considering flight simulators is how to duplicate 

the stress level the pilot feels m the actual aircraft. Several studies have been conducted 

which monitor a pilot while he performs the same tasks in flight and in a simulator. One 

measure of stress level that is frequently used is heart rate. Figure 4-3 shows a trace of 

heart rate for various phases of a typical mission m flight and m the simulator The 

differences, especially for takeoff, between the actual aircraft and the simulator are 

apparent. 
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FIGURE 4-3 HEART RATE DURING MISSION TASKS

Source: Piloted Simulation Effectiveness, AGARD Conference Proceedings 513, Feb
1992

Part of this comes from the fact that the pilot knows he cannot be hurt in the

simulator, but can be injured or killed in the actual aircraft. This suggests that a pilot

may be tempted to use a techniques or procedures in the simulator that differ from the

ones he would use in the real aircraft. For example, if the aircraft experienced an

uncontrolled roll over in the hover, the pilot would most likely eject prior to reaching a

bank angle that would preclude ejection. In the simulator, however, he may be tempted to

try to recover the aircraft a bit longer since he knows that he cannot be injured if the

simulator crashes. This is only one example of the differences in pilot behavior that may

occur between the simulator and the aircraft. This is a critical problem if the simulator is
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the pnmary training device due to the lack ofa two-seat trainer. These differences 

highlight a shortcoming in the simulator’s effectiveness as a traimng tool. 

Simulator vs.Aircraft Comparison 

A few studies have been conducted to directly compare simulator task 

performance between simulators and aircraft Typically the results show that pilots will 

use control inputs oflarger magnitude and frequency m the simulator as compared to the 

actual aircraft. This can be due to improper modelmg in the simulator,lack ofmotion 

cues,or lack ofvisual cues Table 4-4shows acomparison ofsimulator results to actual 

aircraft results for a V-22performing a shipboard landing The V-22is a tiltrotor 

V/STOL aircraft currently begmmng imtial operations with the USMC Lateral stick 

inputs are close for the vertical landing but differ significantly during the approach phase 

In each case,the average inputs are similar,butthe range ofinputs was larger m the 

simulator. Longitudinal stick inputs vary considerably for both approach and vertical 

landing 

This was identified as weight and balance modeling problems with the simulator 

A large discrepancy also exists m the time required to complete the task. One reason was 

due to ground effects not actually being modeled m the simulator These effects forced 

the pilot to stabilize m hover close to ground pnorto landing A secondary reason for the 

difference in time required to complete the task was pilot anticipated consequences of 

possible error. This further illustrates how differently pilots fly a simulator when they 

realize there is no nsk ofinjury. 
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TABLE4-4RESULTSOFSIMULATORTOFLIGHT COMPARISONFOR V-22 
11 

SHIPBOARD EVALUATION 

Parameter Simulation Actual 

Rate ofDescent(feet per minute) 250-270 200-225 

Task Timerequired for Approach 20-30 30-50 

(Seconds) 
Task Time required for Vertical landing 5-8 12-20 

(Seconds) 
Lateral Stick dunng Approach 28-76 49-55 

(%ofmaximum) 
Lateral Stick dunng Approach 38-63 39-59 

(%ofmaximum) 
Longitudinal Stick dunng Approach 10-34 56-65 

(%ofmaximum) 
Longitudinal Stick dunng Vertical landing 20-30 50-56 

(%ofmaximum) 

Bank Angle during Hover(deg) 3L to4R 2Rto3R 

Simulator Effectiveness 

One approach to trying to determine simulator effectiveness is to conduct transfer 

oftraining analysis. Acommon method used for this is Backwards Transfer Analysis 

This IS accomplished by selecting a group ofpilots experienced m an aircraft. The pilots 

are asked to perform tasks in the aircraft and then they are graded on their performance. 

These pilots are then graded on their performance ofthe same tasks m the simulator. The 

grades are compared and the pilots are interviewed to provide commentson differences 

revealed 

One such study was conducted using a group of15 attack helicopter pilots The 

maneuvers performed were emergency landings with a variety ofsystem failures The 
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grades were uniformly lowerin the simulator than in the actual helicopter The pilots 

cited simulator limitations as the reason for the difference in grades. Table 4-5 lists some 

TABLE4-5FACTORSCONTRIBUTINGTOLOWBACKWARDSTRANSFER*^ 

Simulator Deficiency Percentage ofpilots who agreed 

Unable tojudge altitude near ground 94 

Insufficient visual cues to maintain hover 87 

Lack ofperipheral cues 69 

Umeahstic response to cyclic input 75 

Umeahstic response to collective input 69 

ofthe simulator deficiencies responsible for the low backward transfer and the percentage 

ofpilots who agreed with them. 

The results ofthis study show alow transfer ofskill firom the aircraft to the 

simulator It should be noted thatthe visual device used for this simulator was acamera 

and model board system. Several ofthe problems noted in this smdy were indicative of 

the type ofvisual system used. Mostsimulators today utilize computer graphic displays 

This study does emphasize the importance ofhigh fidelity m flight simulators in order for 

them to be effective training tools But even the high fidelity may not be enough to rely 

on the simulator as the primary training tool m the absence ofa two-seat trainer. 
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CHAPTERV 

ADVANCESIN V/STOLTECHNOLOGY 

Advanced V/STOL Flight Controls 

Several research programs have been conducted to investigate various control and 

inceptor strategies for V/STOL aircraft. The adventofDFCS bnngs atremendous 

capability m utilizing control surfaces andIFPC systems to provide excellent flying 

qualities for a V/STOL aircraft. DFCS allow computers to interpret the pilots control 

inputs and move the aircraft control surfaces as required to achieve the desired result 

Confidence m the reliability ofthese systems is so high that several modem day fighter 

aircraft employDFCS as the only method ofaircraft control,with no mechamcalbackup 

system 

Automation ofthe lift system can also be atremendous aide m reducing pilot 

workload dunng V/STOL flight The less momtonng and mampulatmg ofcontrols m the 

aircraft the pilot has to do.the more time he will have to devote to other mission tasks 

Several capabilities are currently under investigation m this area They include 

Automated Thrust Vector control,Acceleration/Deceleration controllers with velocity 

hold capability,height rate controls with altitude hold,and performance protection. All 

ofthese simplify the basic takeoffand landing tasks the pilot must perform. Many have 

argued that advances m V/STOLtechnology will make future V/STOL aircraft as easy to 

fly as conventional aircraft, buttoday this remains only speculation 
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Although the use ofaDFCS can greatly improve the capabilities ofthe airplane,it 

presents it’s own unique hazards. The system may be providing the pilot with exactly the 

response he is commanding,up to the design limits ofthe airplane. Traditionally,un 

augmented airplanes provide some warmng ofapproaching some limit. This mightbe m 

the form ofvibrations,buffet, noise orsome other clue to the pilotthat he is gettmg close 

to the edge ofthe aircraft’s flight envelope. BecauseaDFCS is always staving to 

provide the pilot with only the dynamics he is commandmg,the system is working to 

eliminate any uncommanded aircraft motions The result is thatthose cues the pilot is 

used to from other aircraft are either reduced or completely eliminated by theDFCS. 

Although these systems are usually designed to provide their own warmng cues to the 

pilot m theforms ofwarning tones or displays,it is difficult to accountfor every possible 

scenano. The pilot can no longer rely on“feel”ofthe aircraft as an mdication of 

aircraft’s current condition For V/STOL flight this situation could make it difficult for 

the pilot to sense when he is approaching the limits ofthe engine’s performance in a 

heavyweight hover scenano. 

Another drawback to these systems is that they mayimpose limits on aircraft 

maneuvenng m order to avoid hazardous flight conditions Unless these liimts are well 

thought out and thoroughly tested they could unnecessanly restnct a pilot from 

maneuvenng the airplane in certain situations. An example ofthis in V/STOL flight 

would be a limiton bank angle m a hover Ifthere were a 15 degree bank angle limit in 

the hover the pilot’s ability to counter a large lateral drift mightbereduced This could 

be particularly dangerous dunng a shipboard landing. One conection to this problem 
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would be to raise the limiton bank angle in the hover. Butifthe limit is settoo high, 

then it mightnot provide the protection it was intended for 

Pilot Protection Features 

A very important aspect ofadvancing V/STOLtechnology lies m providmg the 

pilot with features that prevent him from getting the aircraft into a hazardous situation 

Research has been conducted into providmg the pilot with enhanced displays and 

information in the cockpit that greatly simplify many V/STOL tasks whencompared to 

current aircraft Incorporation ofthese systems into any future V/STOL aircraft should 

have a marked impacton the time required to train a pilot The easier the airplane is to 

fly the easier it is to teach someone how to fly it Furthermore,the easier it is to teach 

someonehow to fly the lower the requirementfor a two-seat trainer. 

Severaltypes ofpilot protection features are currently being studied. There are 

several ways pilot protection features can be incorporated into a V/STOL aircraft One 

method includes asystem that limits the pilot from makmg control inputs that would put 

the airplane m a hazardous situation Advanced displays that provide the pilot with real 

time hover capability information,as well as cues to fly an optimized deceleration profile 

to the hover is another option. Redundancy ofcomponents and backups for critical 

V/STOLsystems are another way ofincreasing pilot protection 

Another approach to protecting the pilot is the use ofadvanced ejection seats A 

system ofthis type was developed in the former Soviet Union and utilized in the YAK-38 

and YAK-141 aircraft In these aircraft,a loss ofthrust in any ofthe engines could result 

in rapid aircraft attitude changes The automatic ejection system activated ifcertain 
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limits ofaircraft attitude,angular acceleration,and/or rate ofdescent were reached. The 

system was armed when the thrust vector was rotated beyond acertain limit. 

Oneofthe more difficult aspects offlying the AV-8B is the need forthe pilot to 

always be aware ofthe performance capability ofhis aircraft. The aircraft will allow the 

pilot to slow down to an airspeed at which the engine cannotprovide enough thrustto' 

' supportthe weightofthe aircraft. To prevent this,a feature that prevents the pilot from 

selecting athrust vector angle that would result m a deceleration to an unsafe speed is 

being studied. ' 

A variety ofthese pilot protection features have showed success m simulation and 

flight test but have not been proven m operational aircraft Ifsuccessful,features ofthis 

type could reduce the need for close instructor supervision m the V/STOL environment 

This would greatly reduce the requirementfor two seat trainers. The complexity offuture 

V/STOL aircraft,however,presents sigmficant challenges to developing protection . 

features that cover all scenarios but do not unnecessarily limit the pilot.'Therequirement 

for close supervision willremam until these protection features have demonstrated their 

effectiveness 

VAACResearch 

A recent flight test program in the Umted Kingdom utilized the VAAC aircraft to 

study a vanety ofV/STOL control schemes. The goal ofthis research was to find a 

solution for a V/STOL control scheme that would work for all V/STOL tasks. Nine 

pilots ofdifferent expenence levels and backgrounds took part in this research. Five of 
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the pilots had previous V/STOL expenence and the remaining four had none. The pilots 

were asked to perform three maneuvers-

1. Approach to hover, 

2. Translation to hover pad,and 

3. Vertical landmg 

For each ofthese maneuvers,the pilots were asked to assign a Handling Qualities Rating 

(HQR)to the aircraft for that task The Cooper-Harper rating scale shown m Figure A-11 

was utilized. Three advanced V/STOL controlschemes were compared to the basic 

Hamerflight control set up The results for the approach to hover task are shown in 

Figure 5-1. 
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The other tasks also showed that the majonty ofpilots’ preferred one ofthe 

advaneed modesto the basic Hamer mode. Although the ratings were generally better 

for the advanced modes,they each had discrepancies which were noted bythe pilots and 

which affected their ratings These discrepancies included mechamcal characteristics of 

the control mceptors and the tendency toward cogmtive errors. Ifthe flight control 

scheme is not intuitive,cognitive errors are more likely to occur. 
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CHAPTER VI

RISK MITIGATION THROUGH USE OF TWO SEAT TRAINERS

Two seat trainers provide risk mitigation on several levels. If eliminated, the risk that

new pilots face during initial V/STOL training will increase. As the pilot gains more

experience with an aircraft, his/her chances of having a mishap tend to decrease. Figure

6-1 shows the mishap trends, based on pilot experience, for the AV-8B Harrier. As

shown, the pilot is most susceptible to mishaps in the first 200 hours of flying. It is

essential that the proper flying techniques, required to fly the aircraft, be developed in

initial training. This is easily accomplished with the use of two seat trainers.
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Iftwo seat trainers were not available,it would leave two other methods for 

teaching the student the proper techmques ofV/STOL flight The first would be the use 

ofa simulator,with an instructor seated at the control station The instructor could talk 

the studentthrough maneuvers or tasks as well as momtorthe student’s performance via 

the information displayed at his console. The instructor could observe pertmentflight 

parameters,magmtude and frequency ofcontrol mputs,and aircraft status from the 

console. This method has proven highly effective for mitial developmentofproper 

procedures for a new aircraft. However,the benefits to teaching proper techniques and 

skills are very dependenton the simulator’s fidelity. 

Thesecond option is to have the studentfly solo m the aircraft while the 

instructor momtors from aremote location This could be accomplished m several ways, 

each ofwhich has its own limitations One would be to place the instructor on the ground 

m a place to observe the student’s take-offand landing. This method only allows the 

instructor to observe aircraft behavior He mustguess atthe students flight control mputs 

and technique based on his own expenences The mstructor can only offer voice 

commands to the studentto aid in technique refinement or to correct a hazardous 

situation 

Another option is to place the mstructor m an aircraft and have him fly formation, 

or“chase”,the studenton his solo flights The instructor has aboutthe same capabilities 

as the ground mstructor,except that he can go anywhere the student goes,and better 

guess at control mputs based on what he has to do m his own cockpit to stay m formation 

with the student’s aircraft. This method has some limitations that include 
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1. Instructor can only observe the aircraft response,not the student’s control 

inputs. 

2. Instructor has to maintain control ofhisown aircraft while observing the 

student. 

3 Instructor can only interact with the student via radio. 

4. With only voice communications,a delayed response in an emergency situation is 

inevitable,and 

5 For each ofthese sorties,two aircraft are required. 

Useofatwo-seat trainer avoids all ofthese limitations. The instructor hasimmediate 

insight into the student’s technique and can offer pertmentand timely feedback The 

instructor is also in a position to quickly correct mistakes,by taking controlofthe 

aircraft,before they become dangerous situations The only sigmficant drawback to a 

two-seattrainer is eostofdevelopment Production and operating costs should be about 

equal to that ofthe single seat airplane Although the initial development costs may be 

substantial they mustbe weighed against the costs ofother training options and the 

potential savings m reducing mishaps 

Task Training Survey 

In a recent study to determine requirements for future pilot training,a survey was 

conducted amongst a group ofpilots with vanous backgrounds Questions were posed 

regarding the requirement for instructor pilot intervention dunng the performance of 

certain tasks The choices were no instructor intervention,delayed intervention and 

immediate intervention required Delayed intervention referred to an instructor being 
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able to antique the student’s perforaiance after the flight or tasks were complete 

Immediate mstructor intervention had two levels,remote and on site. The difference 

between on site and remote intervention was that the on site instructor could physically 

take control ofthe aircraft whereas the remote instructor could only verbally instruct the 

student whatto do A small portion ofthe results ofthatsurvey is provided m table 6-1. 

The responses selected were from AV-8B pilots with somelevel ofmstructor expenence 

as well The task list included Shorttakeoff, Vertical takeoff. Vertical landing,and Slow 

Landing as well as ten other V/STOLunique items. The results clearly show the majority 

ofthose surveyed felt thaton site instructor intervention was necessary for the spectrum 

oftasks presented 

TABLE6-1 SURVEYRESULTS
13 

Instructor PilotIntervention Percentage response 

Immediate,On site 74 

Immediate,Remote 14 

Delayed 11 

N/A 1 

In order to prevent or reduce mishaps through effective traimng the causes of 

mishaps mustbe understood. Figure6-2 is a diagram thatshows the potential sources of 

pilot related mishaps Violations are not typically remedied through training;they are a 

function ofpilot discipline and supervision. The sources oferrors,however,are affected 

by training Effective training can help a pilot develop proper skills and provide the 

knowledge to make correct decisions In a two-seat trainer,the instructor pilot can pass 
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along to the student techniques and decision critena that have been refined with years of 

expenence Perceptual errors can be mitigated ifthe training the pilot has undergone 

training in a realistic environment 

FIGURE6-2SOURCESOFUNSAFE ACTS 
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CHAPTER VII 

CONCLUSIONSANDRECOMMENDATIONS 

Reducing time to train is a goal ofall aircraft programs. This can be 

accomplished m a variety ofways as long as the final result is safe and effective training. 

V/STOL flight presents many unique challenges that make reducing time to tram a 

difficult task. These challenges are directly related to the environmenta V/STOL 

aircraft operates m,the tasks it performs,and the design features that provide its V/STOL 

capability. Future V/STOL aircraft will be required not only to meet,but also to exceed 

the capabilities ofthose currently in service. Advances m these capabilities willcome 

with an mcrease in complexity ofthe aircraft Traimng pilots to operate these complex 

aircraft will continue to be important not only for combat effectiveness but also for safety 

and preservation ofassets. 

This report has shown thatthe high fidelity required to modelthe V/STOL flight 

regime is not easily achievable m flight simulators. Thelow frequency,large 

displacement motions associated with V/STOLjetbome flight,require extensive motion 

systems Large projection screens or domed enclosures are necessary to provide realistic 

visual scenes and field ofview. Ifthese issues can be resolved,then extensive testing of 

the aircraft and the simulator is required to ensure their charactenstic match as closely as 

possible. Once these requirements have been achieved,consideration can be given to 

abandoning two seat V/STOL trainers in lieu ofhigh fidelity flight simulators It is 
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unlikely,however,thatthese high fidelity simulators will be an option for the next 

V/STOL aircraft. 

TheHamer is the only V/STOL aircraft currently in operational service. It has
an 

accident rate that exceeds other tacticaljets currently in service This is attributed in part 

to the difficulty ofoperating the aircraft Advancesin technology continue thatshould 

produce V/STOL aircraft that are easier to fly than theHamer Despite these advances, 

the pilot will be challenged with V/STOL flight controls that may be umque m 

configuration as well as functionality The functionality ofthese flight controls may 

change dunng transitions from conventional to V/STOL flight Very little in the pilot’s 

previous flight traimng will have prepared him for this situation. 

Along with the umqueness ofthe aircraft,the pilot will be exposed to completely 

new tasks for takeoffand landing. Once again,his previous training will not provide the 

requisite skills required to safely and effectively perform these tasks. Ifno two-seat 

V/STOL trainer is available,the pilot will be forced to rely on skills and techniques 

developed m aflight simulator that may not be truly representative. Additionally, 

advances in technology will bnng advances m V/STOL capability. As capability 

increases,the desire to utilize that capability for more challenging tasks will emerge This 

may lead to performing V/STOL tasks m more severe weather conditions or to more 

austere locations than are the standard today. 

Despite technological advances,the hazards ofoperating in the V/STOL 

environment will remain constant The aircraft will routinely be operated in close 

proximity to the ground and at very slow airspeeds. Pilots will need to be able to rapidly 
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ascertain when a detenoratmg condition is occurring,as well as make quick decisions to 

respond to this situation The ability to recogmze and react to these dangerous situations 

will come only with experience. For a new pilot, it would be much safer to achievesome 

ofthis experience m atwo seat aircraft with an instructor pilot on board This would 

allow the student to receive feedback,direction,and mtervention from the instructor as 

necessary. 

The utility ofa two-seat trainer is not limited to new student training A large 

number ofthe first pilots assigned to anew aircraft will be experienced pilots that make 

the transition from other aircraft types This will most certainly include Hamer pilots 

who will bnng some measure ofV/STOL expenence with them. However,along with 

their expenence,these pilots bnng habit patterns. It is likely thatsomeoftheir habit 

patterns from the Hamer won’t apply to the new V/STOL aircraft. Some habit patterns 

may even be dangerous in the new aircraft Errors where the pilot uses techniques or 

procedures developed m other aircraft are called reversion to type errors It is possible 

that reversion to type failures could lead to aircraft mishaps. A large number ofcrashes 

attnbutable to reversion to type pilot errors would be disastrous for a new V/STOL 

aircraft m its first years ofoperation. 

The advantages offered by a two-seat V/STOL trainer in terms ofsafety and 

training effectiveness should outweigh the disadvantages ofdevelopment and operating 

costs The training benefits not only new students to V/STOL but experienced V/STOL 

pilots that make the transition from the Hamer. The two-seat vanant need not be limited 

to the training role Several two-seat aircraft vanants provide combat mission capability 
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as well as a training capability. This allows the two-seat vanant to deploy with a combat 

squadron and provide an asset for continued pilottraimng in places where no simulator is 

available. 

The ideal solution is to develop a two-seat variant ofany future V/STOL aircraft 

that IS combat mission capable. This is by far the best option to ensure safe and effective 

traimng as well as multi-role utility ofthe two-seat vanant Ifdevelopmentofatwo seat 

vanant for future V/STOL aircraft is notfiscally ortechmcally feasible,then the 

following options are offered to meetthe requirementfor a two seat V/STOL trainer; 

1 Develop a limited number oftwo seat vanants,with minimal or no combat 

capabilities,that are used exclusively as trainers. 

2 Produce new TAV-8Bs that can as closely as possible emulate the
new 

V/STOL aircraft and it’s handling qualities Other advances and upgrades 

should be included to give these aircraft as much combat capability
as 

possible without degradmg the ability to function as a trainer Incorporation 

ofaDFCS has been successfully demonstrated m the VAAC aircraft,which
is 

basically aTAV-8A aircraft Ata minimum,this would provide pilots with 

exposure to the V/STOL environment,an introduction to the umque aspects of 

V/STOL aircraft, and an introduction to umque V/STOL tasks under close 

instructor supervision. 

3 Develop a life extension program for existing TAV-8Bs and incorporate a 

DFCS that uses similar control strategy as the new V/STOL aircraft. 
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4. Maintain current TAV-8Bsto serve as basic V/STOL environmenttrainers 

These aircraft could be utilized to provide aircrew with initial exposure to 

V/STOL tasks and the environment. Although the TAV-8B may differ greatly 

from any future V/STOL aircraft,the benefits ofclose instructor supervision 

during imtial exposure to the unique aspects ofV/STOL flight would be 

beneficial. 

5 Acceptthe nsks associated with elimination of a two-seat trainer and develop 

a training method for initial V/STOL flights in the new aircraft that provides 

as much mstmctor supervision as possible. This should include,at a 

minimum,ground based observation ofthe student’s takeoffand landings 

Explore the use ofvirtual reality and data link technology which could 

provide the ground based mstmctor insight to control inputs and condition of 

the student’s aircraft. This would allow the mstmctor the benefits of 

providing immediate pertinentfeedback as well as remotelyflymg the aircraft 

from his ground location. 

The author does not consider option numberfive above to be safe or effective It 

IS also limited by virtual reality and data link technology that has yet to mature to a high 

enough level Basic flymg skills have been and should continue to be taught under the 

close supervision ofan expenenced mstmctor pilot No one would consider letting a 

pilot attempt his first landing m ajet aircraft by himself,havmg only practiced the 

landing m a less than optimal flight simulator A similar example ofa student helicopter 
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pilot attempting his first hover or vertical landing can be used. Thesamecommon sense 

that sees these ideas are unsafe should be applied to V/STOLtraimng The umque 

aspects ofV/STOL flight demand a highly effective training method. The most 

reasonable solution to provide this level oftraimng remains atwo seat aircraft. 
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FIGURE A-1 HARRIERREACTION CONTROLSYSTEM 

Source- The British AerospaceHamer-A Case Study in AircraftDesign,Fozard,JJuly 

1978 
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FIGURE A-2CONVENTIONALAIRCRAFTLANDING 

Source NATOPSFLIGHTMANUALNAVYMODELF/A-18 August 1995 
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FIGURE A-3 HARRIER SLOW LANDING 

Source NATOPS FLIGHT MANUAL NAVY MODEL AV-8B Al-AVmB-mU-OOO 1 
August 1995 
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FIGURE A-4HARRIER VERTICALLANDING 

Source.NATOPSFLIGHTMANUALNAVYMODELAV-8B A1-AV8BB-NFM-000 1 
August 1995 
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FIGURE A-5HARRIERJETINDUCEDEFFECTSINPITCH 

Source NATOPSFLIGHTMANUALNAVYMODELAV-8B 
August 1995 
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FIGURE A-6HARRIERJETINDUCEDEFFECTSIN ROLL 

Source NATOPSFLIGHTMANUALNAVYMODELAV-8B A1-AV8BB-NFM-000 1 

August 1995 

75 



FIGURE A-7HARRIERHOT AIRANDFOD REINGESTION 

Source NATOPSFLIGHTMANUALNAVYMODELAV-8B Al-KVmB-mU-OQQ 1 

August 1995 
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FIGURE A-8HARRIEREJECTIONSEATENVELOPE 

Source.NATOPSFLIGHTMANUALNAVYMODELAV-8B A1-AV8BB-NFM-000 1 

August 1995 
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FIGURE A-9 NASA AMES VERTICAL MOTION SIMULATOR

Source: NATOPS FLIGHT MANUAL NAVY MODEL AV-8B A1-AV8BB-NFM-000 1

August 1995
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FIGURE A-10HARRIERRADARNIGHTATTACKSIMULATOR 

Source- NATOPSFLIGHTMANUALNAVYMODELAV-8B A1-AV8BB-NFM-000 1 

August 1995 
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FIGURE A-11 COOPERHARPERRATINGSCALE 

80 

10 



VITA 

Major Arthur Tomassetti was born m Port Chester,New York on March 13 1964 

He attended elementary schools m New York and Florida and graduated from St.Thomas 

Aquinas High School m 1982. In 1986 he received a Bachelor ofScience Degree in 

Mechanical Engineeringfrom Northwestern University and was commissioned as a 

Second Lieutenant m the United States Marine Corps After completing TheBasic 

School in Quantico,Virginia he entered Flight Training He was designated a Naval. 

Aviator in October of 1988 and began Harrier Flight Training. Major Tomassetti has 

served with two Fleetsquadrons and his billets include Standardization Officer,Weapons 

and Tactics Instructor,and Operations Officer. Major Tomassetti graduated from the US 

Navy TestPilot School in 1996MajTomassetti has over 2200 offlight time, more than 

1500 of which is in the AV-8B Harrier,and has flown more than 25 different types of 

aircraft. 

He IS currently serving as a member ofthe Joint Strike Fighter Joint Test Force 

and has been assigned to the Lockheed Martin X-35 test team. Major Tomassetti’s 

awards include the Air Medal with Valor device and numeral3for combat missions 

flown during Operation Desert Storm,The Navy Commendation Medal,and the Navy 

Achievement Medal. MajTomassetti is married to the former Marchelle Gingrich of 

Yuma,Arizona and has one daughter. 

81 


